Background
==========

Metabolic syndrome (MetS) is defined as a cluster of risk factors \[[@b1-medscimonit-19-571],[@b2-medscimonit-19-571]\] that identifies persons with increased risk of cardiovascular disease (CVD). The prediction of CVD onset does not have to be better than the Framingham score and Systematic Coronary Risk Evaluation (SCORE), based on the main factors of cardiovascular risk (age, sex, systolic blood pressure, smoking, total, and HDL and LDL cholesterol) \[[@b3-medscimonit-19-571],[@b4-medscimonit-19-571]\]. The epidemiological proportions of MetS prevalence support its importance in the past 5 decades in countries where the population was found to have increased food consumption and insufficient physical activity \[[@b5-medscimonit-19-571]\]. Recent studies indicate that MetS is inferior in establishing rules for the prediction of either type 2 diabetes mellitus (DM2) or coronary heart disease (CHD) \[[@b6-medscimonit-19-571]\]. MetS, as a predictor of CVD, has also been studied due to the existence of different definitions \[[@b7-medscimonit-19-571]\]. The most frequently mentioned definitions are the Third Report of the National Cholesterol Education Program (NCEP) Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults, Adult Treatment Panel III, the new World Health Organization (WHO) definition, the modified International Diabetes Federation (IDF) definition \[[@b8-medscimonit-19-571]--[@b10-medscimonit-19-571]\], and that of the American College of Endocrinology (AACE) \[[@b11-medscimonit-19-571]\]. The WHO and the European Group for the Study of Insulin Resistance Guidelines (EGIR) \[[@b12-medscimonit-19-571]\] have been primarily proposed for the needs of research, and the NCEP and IDF definitions were designed for clinical use. This indicates that the role of MetS as a CVD predictor is still uncertain and insufficiently researched. Differences in the definition of MetS create confusion in the timely detection of persons with increased cardiovascular risk in general practitioners' practices.

Although there are studies about MetS in the Republic of Croatia \[[@b13-medscimonit-19-571]--[@b19-medscimonit-19-571]\], there have been few population studies that analyzed the predictive relevance of the association of each definition with CVD been sparse. We aimed to determine if, defined on the basis of the WHO, NCEP, or IDF criteria, MetS was associated with an increased risk of developing CVD in the population under a family physicians' care, living in various life conditions (region, rural *vs.* urban), and depending on age and sex.

Material and Methods
====================

Study design
------------

This study was conducted within the randomized clinical research of the Cardiovascular Risk and Intervention Study in Croatia-family medicine (CRISIC-fm) in the Republic of Croatia and was registered as a clinical trial (International Standard Randomized Controlled Trial Number Register -- ISRCTN31857696). It was a two-phase study that ran from May through July 2008.

Participants
------------

The study included 3245 participants of both sexes, aged ≥40. Exclusion criteria were the inability to communicate due to conditions such as dysphasia, aphasia, serious dementia or psychiatric decompensation, and an expected survival of less than 6 months.

Sampling
--------

The sample was two-stage, disproportionate, and mixed-sex. The first phase was to establish a quadruple stratified representative sample of family medicine physicians according to regions (coastal and continental), population size (up to 3999 inhabitants; 4000 to 9999; 10 000 to 29 999; 30 000 to 89 999; and 90 000 and over), rural area (\<4000 inhabitants), urban area (\>4000 inhabitants), and the number of the insured individuals contracted between family medicine practitioners and the Croatian Health Insurance (HZZO) in 2007 (up to 1399; 1400 to 1799; and ≥1800).

For each initially contacted physician, a reserve sample of 4 more GPs was made, according to the 4-fold stratum. If a GP declined to participate, the nearest GP from a reserve sample was invited. All GPs were verbally informed in detail about the study and then signed a consent form to participate in the research. The sample size needed to reach 95% confidence interval and the desired power of statistical tests. Of the 82 GPs invited to participate in this study, 64 of them accepted (78%), of which 5 declined participation at first follow-up, so the total number of GPs in the final sample was 59.

In the second stage, each GP chose a systematic, disproportionate sample of the first 55 patients who visited the practice for any reason from the day the study began, and who met the inclusion criteria and confirmed their consent by signing a written informed consent. All the participating GPs included the same number of patients (N=55), regardless of the total number of insured persons they have contracted with CIHI, and the total number of patients from the target population they examined. This was corrected by post-hoc weight factors prior to statistical analysis ([Figure 1](#f1-medscimonit-19-571){ref-type="fig"}).

Measurements and definition of metabolic syndrome
-------------------------------------------------

A standardized, validated CRISIC-fm questionnaire with 140 questions, designed for the study, was administered. Participants' height and weight were measured twice (standardized, identical measuring scales) as well as their waist circumference (WC) and hip circumference (with plasticized inelastic tape measure), and their waist-hip ratio (WHR) was then calculated. Mean arterial pressure (mercury sphygmomanometer) and pulse frequency were assessed. A blood sample for the analysis of total cholesterol concentration, HDL and LDL cholesterol, triglycerides, fasting glucose (FG), and uric acid \[[@b20-medscimonit-19-571]\] was taken from each participant. The modified WHO, IDF, and NCEP definitions ([Table 1](#t1-medscimonit-19-571){ref-type="table"}) were used for the MetS analysis. Coronary disease was defined by previous myocardial infarction, angina pectoris, and/or revascularisation of coronary arteries, and cerebrovascular disease was defined by previous cerebral insult and/or transitory ischaemic attack. Peripheral artery disease (PAD) was defined by anamnestic data of intermittent claudication (fatigue, cramping and pain during walking) and \<0.8 of ankle brachial index (ABI). Overweight was defined as BMI ≥25, and obesity was defined as BMI ≥30 kg/m^2^\[[@b21-medscimonit-19-571]\].

Bias: We did not examine microalbuminuria, which is part of the WHO definition, due to its unavailability at primary healthcare level.

Statistical analysis
--------------------

Descriptive statistics procedures were used to describe basic sample characteristics: continental/urban, continental/rural, coastal/urban, and coastal/rural, with differences examined using the χ^2^ test. An independent *t*-test was used to analyze the differences in quantitative values of participants' characteristics between regions and population sizes. We used by binary logistic regression to analyze the relationship between MetS and CVD, as well the association between MetS according to NCEP and socio-behavioral settings. All values were interpreted at the significance level *P*\<0.05. Statistical analysis was performed using SPSS for Windows (11.5, SPSS Inc., Chicago, IL, 2002).

Results
=======

Fifty-nine family medicine doctors joined the study (response rate, 71%) with 2467 participants (38.1% men and 61.9% women) (response rate, 78%). In [Figure 2](#f2-medscimonit-19-571){ref-type="fig"} prevalence of MetS, according to the NCEP, IDF definitions was 38.7% (15.9% men and 22.7% women), 45.9% (18.6% men and 27.3% women); in the continental region 28.4%, 33.9%; in the coastal region 10.2%, 10.9%; in urban residents 26.2%, 31.5%; and in rural residents 12.4%, 14.4%. According to the NCEP criteria, there were significantly more obese people in rural areas (*P*=0.002) with elevated LDL cholesterol (*P*\<0.001) and systolic pressure (*P*=0.029) compared to people in urban areas. Participants were older in the urban areas (*P*=0.022) of the continental region, and they were older (*P*=0.048) and had a higher waist circumference (*P*=0.035) in rural residents of the coastal region. Persons with MetS engaged in moderate physical activity more in continental rural than in urban s. The prevalence of prehypertension was significantly higher in urban residents of both coastal and continental regions. MetS was most prevalent in persons aged 50 to 59, except in coastal urban residents, in whom MetS was prevalent in older age ([Tables 2](#t2-medscimonit-19-571){ref-type="table"} and [3](#t3-medscimonit-19-571){ref-type="table"}). Association between MetS according to NCEP and socio-behavioural settings was significant (χ^2^=103.4; df=8; *P*\<0.001) and correctly classified with 60% of subjects. Older age, male sex, and residence in the continental area were positively associated with MetS diagnosis according to NCEP, and current smoking and Mediterranean diet adherence were protective factors ([Table 4](#t4-medscimonit-19-571){ref-type="table"}). The association between MetS and cardiovascular disease was determined according to all 3 definitions, but the NCEP definition was the most sensitive ([Table 5](#t5-medscimonit-19-571){ref-type="table"}). Persons with MetS were, according to NCEP, at a 2.48 times higher risk of coronary disease. The association between MetS and cerebrovascular disease, according to the modified WHO definition, has not been supported by evidence, and according to NCEP and IDF definitions, it was equally significant. The association between MetS and peripheral vascular disease was strongest when expressed according to the modified WHO definition, a weaker association according to the NCEP definition, but the association was negligible according to the IDF definition. Age and sex also show a statistically significant correlation with CVD ([Table 6](#t6-medscimonit-19-571){ref-type="table"}).

Discussion
==========

This study shows the relationship between MetS and CVD according to all examined definitions, but the most consistent association was shown according to the NCEP definition. Although criteria in the IDF definition are slightly stricter \[[@b10-medscimonit-19-571]\], which resulted in lower sensitivity in the association with CVD, the NCEP definition, with its increased sensitivity, was superior. A similar association was shown in a 2007 Swedish study \[[@b22-medscimonit-19-571]\]. The NCEP definition was also found to be superior to definitions by the IDF, Joint Interim Statement (JIS), and American Heart Association/National Heart, Lung, and Blood Institute (AHA/NHLBI) in a Greek study \[[@b23-medscimonit-19-571]\]. The IDF definition is the most appropriate one for practical use \[[@b22-medscimonit-19-571],[@b23-medscimonit-19-571]\]. The WHO definition includes most elements and is the only definition that uses BMI as a general obesity standard and WHR as a standard for abdominal obesity, but the WHO definition also includes the measurement of insulin resistance, which is not routinely determined in primary healthcare. All other definitions use only waist circumference, which is not a sufficient indicator of general obesity. Although, according to the definition, MetS includes a combination of risk factors, in some studies, the predictive value of such combinations is similar (in Framingham, the MetS definition alone predicted about 25% of all new-onset cardiovascular disease) \[[@b3-medscimonit-19-571]\] or even weaker than the value of any of the single risk factors \[[@b25-medscimonit-19-571]\]. In our study, a less consistent relationship was seen with stroke (only evident by the NCEP and IDF definitions), thus suggesting that single risk factors, especially systolic blood pressure, were stronger predictors of stroke \[[@b26-medscimonit-19-571]\]. Hypertension, as well as hyperlipoproteinemia, proved to be well regulated, so it was not possible to determine the significance of the association between hypertension as a single risk factor and the brain insult. But, the fact that the prevalence of prehypertension was significantly increased in the urban residents of both Croatian regions may be explained by the fact that lifestyle is different from that of rural residents, which in turn contributes to the development of hypertension and its higher prevalence. Therefore, it is not surprising that a controversy exists over whether or not a diagnosis of MetS provides more useful information about CVD risk than its individual components do.

To conduct a proper analysis of the relationship between MetS and CVD, regardless of the diagnostic criteria used, it was necessary to analyze the prevalence of MetS in continental and coastal regions and in urban and rural residents in Croatia due to the significantly different lifestyles of the participants \[[@b14-medscimonit-19-571],[@b15-medscimonit-19-571]\].

The results of our study show that, according to both definitions, MetS was more prevalent in women aged 50--59, which is inconsistent with studies conducted in some Mediterranean countries \[[@b27-medscimonit-19-571]\] where it was more prevalent in men. The reason for the higher prevalence of MetS in these women may be because, in postmenopausal women, height decreases and waist circumference increases. It is important to recognize MetS in older women (\>65 years of age) because the association of MetS with all-cause mortality has already been proven in these women, but, in men, such an association has not been proved \[[@b28-medscimonit-19-571]\]. Still, in continental Europe, (e.g., Germany), research showed a higher prevalence in men, mostly between 60 and 79 years of age \[[@b29-medscimonit-19-571]\]. Our study showed a higher prevalence of MetS in the continental region (due to diet), and in urban *vs.* rural residents (more physical activity). Similar results were shown by a study in Portugal, where a higher prevalence was found in older women in the continental region \[[@b30-medscimonit-19-571]\]. The prevalence of MetS, according to the NCEP definition, in the sample of 9 Dalmatian islands in 2006, was 34%, even reaching 47.2% on the island of Vis \[[@b17-medscimonit-19-571]\]. The results of our study of the prevalence of MetS in the coastal region, with 26.6% (NCEP) and 26.1% (IDF), are very similar to the results shown by the study of MetS on the island of Hvar in 2007--8, where it was 25% and 38.5%, based on NCEP and IDF definitions, respectively \[[@b19-medscimonit-19-571]\].

Data on the prevalence of MetS among the mainland Croatian populations is limited. A study conducted in a region of continental Croatia (Baranja) showed that the prevalence of MetS, assessed by the NCEP criteria, was 40% (35% in males and 42% in females) \[[@b18-medscimonit-19-571]\]. The prevalence of MetS was much higher than in our study, but it is necessary to emphasize that our study was conducted in the whole territory of the Republic of Croatia. The main study limitation is the inability to meet the exact WHO criteria, due to difficulties in establishing microalbuminuria diagnosis in family medicine. Furthermore, GP's engagement in the intervention group could not be completely controlled, and therefore possibly was not equal among all physicians randomized in that group.

Limitations
-----------

There are 2 main limitations to this study. The sample's subjects were patients registered by GPs, which does not entirely correspond to the general population sample. In addition, we did not examine microalbuminuria, which is part of the WHO definition, due to its unavailability at the primary health care level in Croatia.

Conclusions
===========

Although all 3 definitions of MetS were associated with a higher risk for CHD, association was the greatest and most consistent when using the NCEP definition. According to that definition, the prevalence of MetS is higher in the continental region (possibly due to different diet type) and in urban residents (probably due to less physical activity and more sedentary lifestyle), in older people, and in males.
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###### 

Definition of metabolic syndrome according to WHO, IDF, and NCEP ATP III.

                                                                         WHO (main criterion + two factors)[\*](#tfn1-medscimonit-19-571){ref-type="table-fn"}   IDF (main criterion + three factors)   NCEP ATP (combination of three factors)
  ---------------------------------------------------------------------- --------------------------------------------------------------------------------------- -------------------------------------- -----------------------------------------
  BMI (kg/m^2^)                                                          \>30                                                                                    --                                     --
  Abdominal obesity (men/women)                                          WHR \<0.9/0.85                                                                          **Waist** ≥**94/80**                   Waist \>102/88
  Triglycerides (mmol/l)                                                 ≥1.7                                                                                    \>1.7                                  \>1.7
  HDL cholesterol (mmol/l) (men/women)                                   \<0.9/1.0                                                                               \<1.03/1.29                            \<1.03/1.29
  Blood presure (mmHg)                                                   ≥140/90                                                                                 \>130/\>85 or present                  ≥130/≥85
  Type 2 diabetes[\*\*](#tfn2-medscimonit-19-571){ref-type="table-fn"}   Present                                                                                 Present                                --
  Impaired tolerance test                                                **7.8--11.1**                                                                           --                                     --
  Fasting glucose (mmol/l)                                               ≥**6.1**                                                                                ≥5.6                                   \>5.6
  Urinary albumin excretion                                              ≥20 μg/min or ≥30 mg/g                                                                  --                                     --

According to the WHO, either BMI or abdominal obesity represents one criterion;

according WHO, diabetes mellitus type 2, fasting glucose, impaired tolerance test are alternatives, fulfilling one criterion.

WHO -- World Health Organization; IDF -- International Diabetes Federation; NCEP ATP III -- National Cholesterol Education Program Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults.

###### 

Patients with MetS (NCEP, IDF, WHO and combinations).

  Valid          Frequency   Percent   Valid Percent   CumulativePercent
  -------------- ----------- --------- --------------- -------------------
  Only WHO       12          1.0       1.0             1.0
  Only NCEP      47          3.8       3.8             4.8
  WHO + NCEP     28          2.3       2.3             7.1
  Only IDF       231         18.9      18.9            26.0
  WHO + IDF      23          1.9       1.9             27.9
  NCEP + IDF     471         38.6      38.6            66.5
  WHO+IDF+NCEP   409         33.5      33.5            100.0
  Total          1221        100.0     100.0           

###### 

Study sample description (N=955 Croatian adults with metabolic syndrome) according to region (continental/coastal) and settlements (urban/rural) using NCEP ATP III definition: chi square test.

                                                                                   Continental   Coastal                                            
  -------------------------------------------------------------------------------- ------------- ------------ ------------ ------------ ----------- ---------
  Gender                                                                                                                                            
   Men                                                                             41.0 (188)    38.8 (94)    0.587        47.1 (89)    35.4 (23)   0.101
   Women                                                                           59.0 (271)    61.2 (148)   52.9 (100)   64.6 (42)                
  Age                                                                                                                                               
   ≤49                                                                             12.5 (81)     30.6 (74)    0.867        13.2 (25)    4.6 (3)     0.735
   50--59                                                                          33.2 (215)    38.4 (93)    32.8 (62)    35.4 (23)                
   60--69                                                                          29.8 (193)    30.6 (74)    33.3 (63)    27.7 (18)                
   ≥70                                                                             24.2 (157)    0.4 (1)      20.6 (39)    32.3 (21)                
   No data                                                                         0.3 (2)       0,3 (1)      0 (0)        0 (0)                    
  Physical activity intensity[\*](#tfn4-medscimonit-19-571){ref-type="table-fn"}                                                                    
   Low 6                                                                           44.2 (203)    31.8 (77)    0.001        50.8 (96)    36.9 (24)   0.099
   Moderate                                                                        48.1 (221)    52.5 (127)   38.6 (73)    55.4 (36)                
   Excessive                                                                       2.2 (10)      6.2 (15)     2.1 (4)      3.1 (2)                  
   No data                                                                         5,4 (25)      9.5 (23)     8.5 (16)     4.6 (3)                  
  Smoking                                                                          19.0 (87)     12.8 (31)    0.088        14.8 (28)    7.7 (5)     0.141
   No data                                                                         0.2 (1)       --           --           --                       
  Hypertension                                                                     73.6 (338)    83.9 (203)   0.003        56.6 (107)   47.7 (31)   0.272
   Prehypertension                                                                 17.2 (79)     11.2 (12)    0.008        31.7 (60)    20.0 (13)   \<0.001
  Diabetes mellitus type 2                                                         17.6 (81)     16.1 (39)    0.692        18.5 (35)    10.8 (7)    0.212
   Pre diabetes                                                                    44.4 (204)    44.2 (107)   0.841        28.0 (53)    32.3 (21)   0.338
  Dyslipidaemia                                                                    34.9 (160)    31.0 (75)    0.339        25.9 (49)    20.0 (13)   0.430
  Mediterranean diet                                                               13.7 (63)     9.9 (24)     0.213        30.2 (57)    35.4 (23)   0.084
   No data                                                                         6.1 (28)      4.5 (11)     3.2 (6)      3.1 (2)                  

According to American College of Sports Medicine and the American Heart Association.

###### 

Study sample description (N=955 Croatian adults with metabolic syndrome) according to region (continental/coastal) and settlements (urban/rural) using NCEP definition: independent t-test.

  nnn                      Settlement   Continental     Coastal                                             
  ------------------------ ------------ --------------- --------------- -------------- ---- --------------- -------
  Age (years)              Rural        241             59.82±9.62      0.022          65   63.31±9.90      0.048
  Urban                    456          61.61±9.98      189             60.49±9.87                          
  BMI                      Rural        242             31.63±4.89      0.011          65   30.94±3.85      0.162
  Urban                    458          30.69±4.54      189             30.19±3.62                          
  WC (cm)                  Rural        242             104.5±10.94     0.007          65   99.82±9.90      0.035
  Urban                    459          102.05±11.69    189             103.08±11.06                        
  WHR                      Rural        242             0.95±0.09       0.007          65   0.91±0.08       0.079
  Urban                    459          0.93±0.08       189             0.93±0.08                           
  TC (mmol/L)              Rural        242             5.87±1.28       0.523          65   5.79±1.19       0.890
  Urban                    459          5.94±1.40       189             5.76±1.29                           
  LDL-C (mmol/L)           Rural        210             3.77±1.19       0.003          43   3.52±0.99       0.336
  Urban                    387          3.48±1.14       157             3.35±1.04                           
  HDL-C (mmol/L)           Rural        242             1.4±0.44        0.738          65   1.44±0.38       0.296
  Urban                    459          1.39±0.52       189             1.38±0.40                           
  FBG (mmol/L)             Rural        242             6.67±3.31       0.666          65   6.15±1.41       0.117
  Urban                    459          6.59±1.87       189             6.55±1.85                           
  Triglycerides (mmol/L)   Rural        242             2.46±2.33       0.384          65   2.20±0.94       0.193
  Grad                     459          2.34±1.46       189             2.53±1.99                           
  Systolic BP (mmHg)       Rural        242             138.54±15.93    0.09           65   138.14±16.63    0.203
  Urban                    459          136.41±15.73    189             135.26±15.40                        
  Diastolic BP (mmHg)      Rural        242             83.05±7.17      0.380          65   83.49±10.49     0.686
  Urban                    459          82.49±8.38      189             82.94±9.10                          
  Uric acid (mmol/L)       Rural        217             315.73±116.92   0.999          60   301.72±103.59   0.648
  Urban                    407          315.72±100.00   150             308.55±95.63                        

BMI -- body mass index; WC -- waist circumference; WHR -- waist hip ratio; TC -- total cholesterol; HDL-C -- high density lipoproteins cholesterol; LDL-C -- low density lipoproteins cholesterol; FBG -- fasting blood glucose; BP -- blood pressure.

###### 

Association between metabolic syndrome according to NCEP and socio-behavioural settings: binary logistic regression.

  Socio-behavioural settings    Metabolic syndrome according NCEP -- ATP III criteria                 
  ----------------------------- ------------------------------------------------------- ------ ------ ---------
  Age (years)                   1.04                                                    1.03   1.05   \<0.001
  Gender                                                                                              
   Female (Ref.)                1.00                                                                  
   Male                         1.24                                                    1.01   1.53   0.049
  Residence                                                                                           
   Rural (Ref.)                 1.00                                                                  
   Urban                        0.92                                                    0.75   1.13   0.424
  Geographical area                                                                                   
   Coastal region (Ref.)        1.00                                                                  
   Continental region           1.43                                                    1.15   1.78   0.001
  Predominant diet type                                                                               
   Continental                  1.00                                                                  
   Mediterranean                0.77                                                    0.60   0.98   0.036
  Alcohol intake                1.01                                                    0.79   1.28   0.940
  Excessive physical activity   1.21                                                    0.72   2.03   0.480
  Current smoking               0.78                                                    0.61   1.00   0.046

OR -- odds ratio; CI -- confidence interval; Ref. -- referent group.

###### 

Association of cardiovascular disease and metabolic syndrome with regard to WHO, NCEP, IDF definition, age and gender.

  Definition of MetS   Coronary disease   Cerebrovascular disease   Peripheral artery disease                                                     
  -------------------- ------------------ ------------------------- --------------------------- ------ ------------ --------- ------ ------------ ---------
  WHO                  2.34               1.69--3.23                \<0.001                     1.55   0.84--2.84   0.159     1.82   1.19--2.78   0.006
  Age                  1.07               1.05--1.09                \<0.001                     1.05   1.02--1.07   0.002     1.04   1.02.1.06    \<0.001
  Male                 2.11               1.53--2.91                \<0.001                     1.83   1.01--3.32   0.046     1.62   1.07--2.46   0.021
  NCEP                 2.48               1.80--3.42                \<0.001                     2.14   1.19--3.86   0.011     1.55   1.04--2.32   0.032
  Age                  1.07               1.05--1.09                \<0.001                     1.05   1.02--1.08   \<0.001   1.04   1.02--1.06   0.000
  Male                 2.34               1.73--3.16                \<0.001                     1.75   1.01--3.00   0.004     1.78   1.20--2.63   0.004
  IDF                  2.05               1.47--2.85                \<0.001                     1.99   1.07--3.69   0.030     1.02   0.69--1.53   0.910
  Age                  1.07               1.05--1.09                \<0.001                     1.05   1.02--1.08   \<0.001   1.04   1.02--1.06   \<0.001
  Male                 2.34               1.73--3.17                \<0.001                     1.76   1.03--3.03   0.040     1.80   1.22--2.65   0.003

WHO -- World Health Organization; NCEP-ATP III -- National Cholesterol Education Program Expert Panel on Detection, Evaluation and Treatment of High Blood Cholesterol in Adults; IDF -- International Diabetes Federation.

[^1]: Study Design

[^2]: Data Collection

[^3]: Statistical Analysis

[^4]: Data Interpretation

[^5]: Manuscript Preparation

[^6]: Literature Search

[^7]: Funds Collection
